L2 vocabulary learning through multimodal representations  by Zarei, Gholam Reza & Khazaie, Saeed
Available online at www.sciencedirect.com
1877–0428 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.sbspro.2011.03.104
Procedia Social and Behavioral Sciences 15 (2011) 369–375
WCES-2011
L2 vocabulary learning through multimodal representations 
Gholam Reza Zarei a *, Saeed Khazaieb
aEnglish Language Center, IsfahanUniversity of Technology, Isfahan 8415683111, Iran 
bIsfahan University, Enterpreneurship Center, Isfahan 8156953999, Iran 
Abstract 
The present study set out to discover how Iranian learners of the English language learn L2 vocabulary through laptop based 
delivery of multimodal items. To that end, learners were placed into four different short term memory (STM) ability groups, 
using  Visual  and  Verbal  Short  Term  Memory  Test.  Upon  treatment,  they  were  evaluated  on  their  recognition  and  recall  of  
vocabulary items. The results indicated that except for low visual and low verbal group, the other three groups treated with 
vocabulary items with pictorial or written annotations performed significantly better on the tests. The results suggest considering 
learners’ cognitive styles in teaching vocabulary. 
© 2011 Published by Elsevier Ltd.
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1. Introduction 
As wireless, mobile, portable, and handheld devices are gradually finding their ways into every sector of 
education in both developed and developing countries (Traxler, 2007), foreign language teachers and learners are 
also excited to embrace this effective novel route to contrive a better educational environment supported by 
multimedia technologies. Though multimodal instructional content delivery via mobile technologies has already 
offered new benefits to instructors and learners (Shih & Mills, 2007), some researchers have cast doubt over the 
value and global feasibility of such devices for education. The criticisms are wide and diversified, ranging from the 
transiency of excitement with the devices (Gay, Stefanone, Grace-Martin, & Hembrooke, 2001), learners' inability 
to make efficient use of such devices (His, 2003), to unsuitability of mobile devices for delivery of different kinds of 
content (Gay, et al., 2001)  
Despite those critical voices, educators believe that mobile devices could enhance the outcomes of learning if 
they are integrated with prevailing psychological theories of learning (Wiredu, 2005). In this vein, Alavi and 
Leidner (2001) suggest that new studies should leave behind the stimulus-response theory, into which most 
technology based educations have hitherto been grounded, and take up the psychological learning process (PLP) of 
learners as an important mediator. In fact, this new approach combines human mind operation with a rich learning 
environment where the crucial features of technology such as video, text, music, etc. are juxtaposed. The diversity of 
the technological features as can accommodate the multiplicity of human intelligence and heighten up the associated 
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learning. As seen in the following figure, Mayer (2005) has tried to show how multimodal presentations of materials 
can be captured through people's memories. It is believed that cognitive processing of information is achieved 
through a triple memory model (Atkinson & Shiffrin, 1986), in which audio-visual input is selectively received 
(sensory memory), then working memory (short-term memory or in short STM) works out and provides the possible 
organization, integrating the two channels in light of the schemata and committing them to the long-term memory.  
Figure 1. Mayer's Cognitive Theory of Multimedia Model (Mayer, 2005, p. 54) 
Baddeley (2003) says that STM acts both as storage and as a system with different kinds of processing power. 
This explanation implies that different learners have different STM processing capacities and in case they are 
provided with different types of instructional materials favoring their different cognitive modules (Courtney, 1998), 
they can achieve better learning. Following Chen, Hsieh, and Kinshuk (2008) and Baddeley (2003), it is assumeed 
that STM involves verbal and visual abilities.  As this study is intended to investigate the foreign language learners' 
learning of vocabulary, it is decided that two types of annotations as instructional strategies, namely, pictorial and 
written (Al-Seghayer, 2001), are used to teach them vocabulary and test their STM ability. It is believed that STM 
can display learning outcomes better than the triple model (i.e., sensory, short term, long term) as a number of 
studies have revealed significant correlations between L2 reading skills and STM (Geva & Ryan, 1993; Harrington 
& Sawyer, 1992) and also between STM and L2 writing proficiency (Abu-Rabia, 2003). Furthermore, as STM 
involves deeper processing (Craik, 2002), and vocabulary learning has been shown to require deeper processing of 
meanings as well (Courtney, 1998; Cohen, 1981; Taylor & Taylor, 1990), the two types of annotations will be 
presented through mini laptops to launch the investigation. The combination of the two modalities (pictorial or 
written) is expected to reinforce learning and culminate in the long-term learning of materials as claimed by dual-
coding theory (Mayer & Sims, 1994). Thus, this study is aimed to explore the relationship between the learners’ 
learning of English language vocabulary and their STM ability, using mini laptops. In other words, learners will be 
exposed to multimodal presentations of vocabulary (written & visual) and their recognition and recall will be tested 
to see how their short term-memory succeeds in processing the input. 
2. Reearch question 
Referring to the explanations made above, we are going to discover how visual and verbal abilities of learners 
come into interaction with the learning of foreign language vocabulary presented through three types of annotations, 
i.e., no annotation, pictorial, and written annotations. Thus, the following general question can be raised:  
Do learners of different verbal and visual abilities (high vs. low) learn English language vocabulary differently 
through different delivery modes of content (no annotation, pictorial and written annotations)? 
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3. Method 
3.1. Participants 
To carry out the study, as many as 158 out of 161 participants were selected from among those enrolled in EFL 
classes in an Iranian English language institute. They were selected from 12 classes and homogenized through a 
proficiency test. Their age range was 19-23. The selected participants were then divided into four groups through 
STM ability tests, which are used to distinguish learners of different processing visual or verbal abilities. They are as 
follows:  
Group 1 (G1): learners with high-visual and high-verbal abilities; 
Group 2 (G2): learners with high-visual but low-verbal ability; 
Group 3 (G3): learners with both low-visual and low-verbal abilities; 
Group 4 (G4): learners with low-visual ability but high-verbal ability.  
3.2. Materials 
The materials used in this study were: a) proficiency test, b) vocabulary level test c) a background questionnaire, 
d) software package, e) visual and verbal STM tests, and f) recognition and recall tests. Each of these materials is 
described as follows: 
Proficiency test: First of all, to make sure that the participants were all of the same level, they were required to 
participate in Nelson English language test. The Nelson English language test is a battery consisting of 40 separate 
tests for each of ten levels from beginners to the advanced. Each test consists of 50 items. The tests are designed for 
a 30 (60%) pass mark. Its reliability was calculated through KR-21 in the pilot study, and it was .82. The validity 
was also confirmed by three competent experts in this field.  
Vocabulary level test: The test was administered to assess the learners' original knowledge of words with a view on 
excluding the words with which learners were already familiar in the learning phase of the study. The word items for 
the vocabulary level test were selected from Bauman's General Service List (GSL) which consists of 2284 words. 
One word from every 40 words was selected, starting from the 40th word (40/2203 more) to 2000th word (2000/15 
scenery).The Bauman's GSL is based on the Brown's corpus which contains 1000,000 words. In Bauman's GSL, 
beside every word there are two numbers: the first one indicates the order of the word items in the list and the other 
number indicates the frequency of occurrence of the word in Brown's corpus. Since Interchange books are taught in 
the Language Institute, the vocabulary lists at the end of the yellow and red new Interchange books (i.e., 
Introductory and Pre-intermediate books) (Richards with Hully & Proctor, 2005) were checked, too, to exclude the 
words which learners have already learned from these books. When learners completed the vocabulary level test, it 
became clear that nearly all the learners were familiar with words up to the word ‘absolute’ (1280/62 absolute). 
Therefore, 18 words for the third phase of learning were selected from 1500th ‘wisdom’ (1500/44 wisdom) onward. 
For each word item, the following three types of representation were made: 
Type 1- represents the English word, pronunciation, part of speech, and the Persian meaning of the word. 
Type 2- represents the materials shown in type 1 plus the written annotation (i.e., a sentence). 
Type 3- represents the materials shown in type 1 plus the pictorial annotation. 
Examples of three different representation types, for the word ‘dig’ are shown in figure 2. To enhance the result, 
all the sentences for type 2 were selected from the Longman Dictionary of Contemporary English.   
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Figure 2. Different types of representation 
Software package: The objective in this study was to work out a server-side solution and develop user-friendly 
system presenting the materials in compatibility with mini-laptops. Thus, a software package for conducting STM 
ability, recognition and recall tests and delivery of materials was designed. The installation, its different parts, and 
how to use it are all described along with the software CD.  
Open-ended questionnaire: The open-ended questionnaire was prepared to let the learners express their interest in 
learning vocabulary through electronic devices, in here mini laptops. The purpose was to remove those reluctant 
from the analysis. This procedure led to the indirect omission of 3 from the final list of analysis.   
Visual and verbal STM tests: Two 20 item tests (20 for visual ability and 20 for verbal ability test) were prepared 
to assess the learners’ visual and verbal abilities. The basis of the STM tests was the model which was proposed by 
Chen, C.-M., Lee, and Chen, Y. (2005). As they have reported, personalized service is important on the Internet, 
especially in web-based learning. Generally, most personalized systems consider learner preferences, interests, and 
browsing behaviors in providing personalized services. However, learner ability is usually neglected as an important 
factor in implementing personalization mechanisms. So, they proposed a personalized e-learning system based on 
Item Response Theory (PEL-IRT), which considers both course material difficulty and learner ability to provide 
individual learning paths for learners. These two tests were used to categorize the participants into four different 
groups as specified above (See section 3.1. Participants).  
English vocabulary recognition and recall (EVRR) tests: Two 18 item tests of Recognition and Recall were 
prepared for testing the learners' vocabulary learning. This decision was made based on the fact that such tests are 
often used to examine the learner’s vocabulary knowledge (Jones, 2004) and that they provide good conditions for 
learning vocabulary both receptively and productively (Nation, 2001). 
3.3. Procedure 
The main procedure for this study consisting of four phases took place in the language laboratory of the institute. 
Before this main phase, learners sat for the proficiency and the vocabulary level tests and thus their levels were 
determined.  
   In the first phase, all the details and objectives of the experiment were explained to the participants. Then, the 
background questionnaire was distributed among the learners to complete. As it was mentioned, this questionnaire 
was intended to exclude those unwilling to learn vocabulary through the devised method. 
   In the second phase, each learner was provided with a mini laptop for STM test. First, they took part in a visual 
STM ability test and then, a verbal STM test. Based on Chen, C.-M., Lee, and Chen, Y. (2005) model, for the visual 
test, initially a picture was displayed for eight seconds. Then, a question was asked about the picture. Learners were 
given six seconds to answer the question. Concerning the verbal test, first, a sentence was displayed for eight 
seconds,  then  a  question  addressing  the  sentence  was  asked;  the  learners  had  to  answer  in  six  seconds.  Each  
learner’s answers were recorded and the learners were assigned two types of score (i.e., raw score and standard 
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score with a mean of 0 and standard deviation of 1). On the basis of their z scores of visual and verbal STM abilities, 
participants were divided into four groups, with 55 in group1 (G1), 30 in group 2 (G2), 42 in group 3 (G3) and 31 in 
group 4 (G4) (See section 3.2. Materials) 
   In the third phase, every participant was delivered 18 new English vocabulary items. Although, according to 
Jones (2004) and Nikolova (2002), the sensible time for learning new English vocabulary item is about 120 seconds, 
each new item was delivered onto the learners' mini laptops with an interval of 90 seconds as experience showed it 
more comfortable to the learners. 
   In order to counterbalance the effect of the order of representations, a 3×3 Latin Square (LS) design was 
employed. According to Montgomery (1991), one of the frequent uses of LS is to counterbalance the various 
sequences in which the level of an independent variable might take place. In LS, each of the 3 digits (i.e., 1, 2, & 3) 
would appear just once in each row and column. Figure 3 shows a 3×3 Latin Square. 
Figure 3.The 3×3Latin square 
In this research project, the first six words were delivered to first participant in type1, then six words in type 2, 
and finally six words in type 3. At the same time, the second participant received the first six words in type 2, then 
six words in type 3, and the six last words in type 1. 
   After the third phase (i.e., learning phase) learners took part in EVRR tests.  First, they took part in recognition 
test which consisted of 18 multiple-choice questions and then they participated in the recall test which consisted of 
18 fill-in-the-blank questions, too. It must be borne in mind that each test comprised 18 items, with 6 for each 
representation type. The frameworks for constructing recognition and recall tests and also the sequence of 
administration were based on the study done by Chen, N.-S. et al. (2008). 
4. Results  
   The recognition and recall tests were administered to assess the selected learners’ learning outcome in the 
present study. As for the first group of learners (high visual + high verbal),  the analysis shows a mean of 2.31 on 
recognition and 1.02 on recall test for no annotation. In a somewhat salient manner, the results of the two tests for 
the same group rise to around a mean of 3 for both pictorial and written annotations. This shows that annotations of 
this kind have some bearing on the learners’ short term memory. The inferential statistics also revealed that the 
differences between both no annotation vs. written and no annotation vs. pictorial remain significant (Sig.: .000, 
p<.05). The second group comprising high-visual and low-verbal underperformed on the two tests with no 
annotation (means of 1.53 and 1.25 for recognition and recall tests, respectively), compared with written annotation 
(means of 2.63 and 2.20 for recognition and recall tests, respectively) and pictorial annotation with means of 3.97 
for recognition and 3.48 for recall test. This result is also shown to be significantly different (Sig.: .000, p<.05). For 
group three in which participants are low visual and low verbal, the story diverges a bit, with the best performance 
obtained on no annotation type (means of 3.38 and 2.84, respectively on recognition and recall tests). The same 
group’s performance on the written and pictorial annotation types tends to converge, yet with a slightly better result 
obtained on the pictorial type. This may be accounted for by the fact that visual processing capacity is responsible 
for more visually presented perceptions. The inferential statistics analysis also showed that the group’s 
performances on no annotation type vs. written, on one hand, and no annotation vs. pictorial were significantly 
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different (Sig.: 000, P<.05). Group four (low visual and high verbal), as expected, performed significantly better 
(P<.05) on written annotation type than on either of the other two types (means of 3.90 and 3.35 on recognition and 
recall tests, respectively for written type). 
Table 1. Descriptive statistics: recognition scores, recall scores, and average scores of the four groups
group 
Number of 
subjects 
Age Type 
Recognition Score Recall Score Average Score 
Mean Std. 
Error
Mean Std. 
Error
Mean Std. 
Error
1 55 20.50 
1 2.31 0.158 1.02 0.123 1.6636 0.11463 
2 3.84 0.134 2.84 0.146 3.3364 0.12979 
3 3.25 0.138 2.24 0.164 2.7455 0.13160 
2 30 20.76 
1 1.53 0.142 0.97 0.140 1.2500 0.10920 
2 2.63 0.195 1.77 0.149 2.2000 0.15830 
3 3.97 0.162 3.00 0.230 3.4833 0.16864 
3 42 20.71 
1 3.38 0.199 2.27 0.204 2.8214 0.17362 
2 1.45 0.164 1.10 0.115 1.2738 0.11329 
3 2.02 0.209 1.12 0.141 1.5595 0.14777 
4 31 20.83 
1 2.06 0.153 0.97 0.150 1.1561 0.11236 
2 3.90 0.169 2.81 0.194 3.3548 0.16590 
3 2.26 0.167 1.06 0.173 1.6613 0.14735 
5. Discussions and Conclusions 
   As the results of the present study indicate, mini-laptops, if properly programmed, can help enhance the 
learning conditions. Of course this is not to say that other alternatives are not to yield the same results. In the present 
study, it was shown that the learners with their special cognitive propensities are most likely to enjoy the related 
represented modality, i.e., high verbal learners show a better performance through the verbal modality and high 
visual learners through the visual modality. This finding is in line with the results reported by Chen N.-S. et al. 
(2008) and Geva and Ryan (1993). Overall, the results thus obtained seem to bear testimony to the claims that the 
learners’ processing capabilities play a better role in case the conditions provided for learning have got the most 
congruity with their inherent abilities. This implies that learners with different cognitive inclinations can be more 
likely to succeed if their internal mental characteristics are respected through the contrived media (Jones, 2004).  
   Another important finding in the present study is that the low verbal and low visual learners can take advantage 
of the basic materials with no annotation. This surprising result has already been explained by Sweller (1994) to this 
effect that such learners are likely to get overwhelmed in the presence of multimodal representations of contents. 
This explanation, referred to as Cognitive Load Theory (Sweller, 1994), maintains that some learners with limited 
processing  capacity  tend  to  skip  the  information  overload  by  relying  on  the  basic  and  single  dimension  of  the  
content. However, this finding sounds a bit counterproductive if evaluated against the Dual-Coding theory suggested 
by Paivio (1986).  This latter theory upholds the idea that different modalities combined together present a condition 
for accommodating more channels of learning simultaneously, thus increasing the likelihood of learning such 
materials. 
   This study presents another general pattern emerging in the obtained data. The higher scores of the recognition 
test in almost all cases is also indicative of the fact that recall tests are more challenging as the learners need far 
more processing ability to tackle them compared with recognition tests representing receptive type of knowledge 
(Richards & Schmidt, 2002; Cousin, 2010). This important fact suggests that practitioners rely on a multi faceted 
assessment technique in order to reach a clear and reliable profile of their learners.  
   As a final word about our findings, it can be cautiously concluded that learners’ processing capacities are most 
favored by the identical modalities provided, though this position may be slightly subjected to Occam’s razor 
especially in case of low-visual and verbal learners. 
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